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Caracterizar tendéncias e
procedimentos seguidos pelas
autoridades aeronauticas em relacao
a analises de seguranca de ANT

|dentificar e descrever processos,
ferramentas e documentos
envolvidos com analises de
seguranca de ANT.
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1. Cenario Regulatorio Atual
2. Analises de Seguranca
« ELOS &TLS

3. Consideracoes Finais
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"  REGULAMENTO BRASILEIRO
DA AVIACAO CIVIL

RBAC ne 23

EMENDA ne 59

REQUISITOS DE AERONAVEGABILIDADE:
AVIOES CATEGORIA NORMAL, UTILIDADE,
ACROBATICA E TRANSPORTE REGIONAL.

REGULAMENTO BRASILEIRO

DA AVIACAO CIVIL
RBAC ne 25

EMENDA ne 128

REQUISITOS DE AERONAVEGABILIDADE:
AVIOES CATEGORIA TRANSPORTE

REGULAMENTO BRASILEIRO
DA AVIACAO CIVIL

RBAC ne 29

EMENDA ne 51

REQUISITOS DE AERONAVEGABILIDADE:
AERONAVES DE ASAS ROTATIVAS
CATEGORIA TRANSPORTE.

“As informacgoes contidas neste material sdo de autoria da DCA-BR, sendo vedada a sua reprodugdo total ou parcial”.



pcasr)

Organizacao Brasileira
para o Desenvolvimento
da Certificacdo Aeronautica

“As informacgoes contidas neste material sdo de autoria da DCA-BR, sendo vedada a sua reprodugdo total ou parcial”.




&

Organizacao Brasileira
para o Desenvolvimento
da Certificacdo Aeronautica

« Demonstracao que
existe uma relacao

Inversa entre a
probabilidade de uma
condicao de falha e
suas conseqguéncias
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 Definem que falhas
catastroficas devem

ser extremamente
Improvaveis e que

falhac hg7grdn| T
ICAITIICAOD 1TICALCAI AUV UV

devem ser
Improvaveis
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* ACs propoem Advisory

of Transportation C i rc u Ia r

Federal Aviation

objetivos de safety -
e os definem de SRR T

forma qualitativa e e e e
quantitativa para

falhas catastroficas

e hazardous
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ISR
Target Drones

Radar Decoys
UCAVs
Flight Research

ISR production: 5,400 aircraft

Small/Micro
VTOL

Unknown

Large

Medium

Source: Composite Market Reports

Fonte: High-Performance Composites May2009
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Padroes
Internacionais

ELROPEAN AVIATION SAFETY AGENCY
AGENCE EUROPEENNE DE LA SECURITE AERIENNE
EUROPAISCHE AGENTUR FUR FLUGSICHERHEIT

7 NATO
L/ OTAN
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Doc 7300/9

Convention on
International Civil Aviation

Convention relative a
Paviation civile internationale

Convenio sobre
Aviacion Civil Internacional

KoHBeHUMA 0 MeXayHapoaHOW
rpaX,aaHCcKoW aBuaunum

“No aircraft capable of being flown without a pilot
shall be flown without a pilot over the territory of a
contracting State without special authorization by that
State and in accordance with the terms of such
authorization....”
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SPP and SMS

Legal Matters

— Specific articles and their
applicability to UAS

Operations (RPAS)

Aircraft and Systems

Licensing and Training

— Personnel licensing and
training for pilots and other
members of the remote crew
for air traffic controllers
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U.S. DEPARTMENT OF TRANSPORTATION ORDER
FEDERAL AVIATION ADMINISTRATION 8130.34

National Policy 3/27/2008

SUBJ: Airworthiness Certification of Unmanned Aircraft Systems

This order establishes procedures for issuing a special airworthiness certificate in the
experimental category for the purposes of research and development, market survey, or
crew training to unmanned aircraft systems. The procedures in this order apply to
Federal Aviation Administration (FAA) manufacturing aviation safety inspectors (ASI)
and to FAA airworthiness ASIs.

Safety checklist:

« Containment

e Lost Link

e Flight Termination

“As informacgoes contidas neste material sdo de autoria da DCA-BR, sendo vedada a sua reprodugdo total ou parcial”.
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AVIATION SAFETY
UNAANNED ATRCRAFT PROGEAM OFFICE
ATR-160

Interin Operational Approval Guidance 058-01

Unmanned Aircraft Systems
Operations in the U. S. National Airspace System

March 13, 2008

Guidance to determine if UAS
may be allowed to conduct
flight operations in the U. S.
(NAS).

Guidance for the Unmanned
Aircraft Program Office (UAPO)
and Air Traffic Organization
(ATO) to evaluate each
application for a Certificate of
Waliver or Authorization (COA)
and special airworthiness
certificates (normally issued in
an experimental category).
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eaas)

Organizacao Brasileira

Civil Aviation Safety Regulations

Part 101 Unmanned aircraft and
rockets

UAV operations should be as
safe as manned aircraft
Insofar as they should not
present or create a hazard to
persons or property in the air
or on the ground greater than
that created by manned
aircraft of equivalent class or
category

para o Desenvolvimento
da Certificacdo Aeronautica

A

o7
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European Aviation Safety Agency Policy

Policy Statement Doc # E.Y013-01
Airworthiness certification of Unmanned Aircraft
Systems (UAS)

This policy specifically addresses procedures for the issuance of a type certificate
or restricted type certificate. Operational regulations pertaining to UAS are not

addressed within this policy. 25/08/2000

A-NPA 16/2005
Policy for UAV

certification
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Directorate of Airspace Policy

CA P 72 2 Civil Aviation

Authority

Unmanned Aircraft System Operations in UK
Airspace — Guidance
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NATO STANDARDIZATION AGENCY
AGENCE OTAN DE NORMALISATION

3 September 2009 NSA/0976(2009)-JAIS/4671

See CNAD AC/141 STANAG distribution

STANAG 4671 (EDITION 1) — UNMANNED AERIAL VEHICLES SYSTEMS
AIRWORTHINESS REQUIREMENTS (USAR)
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BRASIL

DEPARTAMENTO DE CONTROLE DO ESPACO AEREO N
SUBDEPARTAMENTO DE OPERACOES 21/10
AV GENERAL JUSTO, 160 —2° AND. - CASTELO 23 SEP 2010
20021-130-RI0 DE JANEIRO — RJ

TEL: (5521) 21016320 AFTN: SBRIYGYC FAX: (21) 21016198

VEICULOS AEREOS NAO TRIPULADOS

1 DISPOSICOES PRELIMINARES

1.1  FINALIDADE

A presente Circular de Informagoes Aeronauticas (AIC) tem por finalidade
apresentar as informacdes necessarias para o uso de veiculos aéreos ndo tripulados no espaco
acreo brasileiro.
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Seguranca de ANTs
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1. ldentificacao de Hazards Criticos

a. Avaliacao e categorizacao dos efeitos
adversos decorrentes das possiveis falhas
funcionais

b. Estimativa dos riscos dos efeitos adversos

2. ldentificacao das estrategias de controle
e mitigagao dos riscos

a. Analises das implicacoes resultantes das
restricoes/requisitos para a operacao

aterial sdo de autoria da DCA-BR, sendo vedada a sua reprodugdo total ou parcial”.
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Hazards
Criticos

B
o
s
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Descontinuidade Colisao em
do Voo Voo

Hazards

Pessoas a bordo da Secundarios
aeronave

Queda de
Escombros

Pessoas a bordo de outra
aeronave

Pessoas no
Solo
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Taxas de Acidentes Acidentes / Hora
de Voo

Acidentes

ACidenteS ue i ‘ ’:: v . | 1. :
1.90x 10 "
resultaram em P 4
fatalidades -
P:“:_""_"r g

.
Aciden - :
cidentes que 148 x 10 o
resultaram em

fatalidades no solo

Fonte: NTSB 1984-2004 Reece Clothier, Rodney Walker (QUT 2006)
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Hazards Primarios das >
Atividades de ANTs

Descontinuidade Colisao em
do Voo Voo

Hazards
Secundarios

Queda de
Escombros

Pessoas a bordo de outra
aeronave

Pessoas no
Solo

“As informacgoes contidas neste material sdo de autoria da DCA-BR, sendo vedada a sua reprodugdo total ou parcial”.




Taxas de Fatalidades e Acidentes ol

Organizacao Brasileira
para o Desenvolvimento
da Certificacdo Aeronautica

Taxa de Acidentes Nidmero de Acidentes por hora de voo

410x10”
Acidentes Fatais 2.32x10%

Acidentes em voo que resultaram em pelo

-09
menos uma fatalidade no solo 4.40x 10

Taxa de Fatalidades Numero de fatalidades por hora de voo

Fonte: Reece Clothier, Rodney Walker (QUT 2006)
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Historico de Colisfes em s>
Voo da Aviacao Gera

Eventos Horas de Operacdo  Taxa por 10°
MAC (milhdes) Horas de Voo

Fonte: Aircraft Owners and Pilots Association (AOPA) Air Safety Foundation
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Fatalidades no solo por milhdao de horas de voo

Analise Weibel? Marinha EUA®
NTSB™ (10,17) (6,15)

Aviacao Geral 0.084 0.5 0.466

Taxi Aéreo e 0.0997 N/A 0.7
Commuter Aviacao

Regular 0.0313 0.5 Comercial

Todos 0.076 N/A 1.0%

(1) Base de dados do NTSB (1984 — 2004)

(2) Baseado nos dados das empresas aéreas regulares e da aviacao geral extraidos da
base de dados do NTSB (1983 — 2003)

(3) Base de dados do NTSB (1982 — 1998)

(4) Objetivo comum de safety

Fonte: Reece Clothier, Rodney Walker (QUT 2006)
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mmm Nimero de Fatalidades —@i—Fatalidades por Hora de Voo

Fatalidades por Hora de Voo

Numero de Fatalidades no Solo

/

1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

Fonte: Reece Clothier, Rodney Walker (QUT 2006)
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Fionesr

Hunter

L.

Glabal Hawk

Predator

—

1.000 100,000

umulathve Flight Hours

A R4 Global Hawk 8 RO-1/MQ-2 Predator ¥ RO-5 Hunter RG-2 Fioneer

‘n.: ~ , L , . . Fonte: US Secretary of Defense
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ELOS — Nivel Equivalente de bcasr)
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Atualmente nao existe nenhum padrao universalmente
aceito descrevendo os requisitos de Equivalent Level of
Safety (ELOS) para ANT.

Expectativas de casualidades sao comumente utilizadas
como medidas de risco e desta forma podem ser
consideradas como uma méetrica para descrever o0s
requisitos de ELOS.

Existe uma tendéncia das autoridades usarem o0s
requisitos XX.1309 para definicao niveis de criticalidade
das condicoes de falhas

QUT propds outro critério de expectativa de 7.6x10-98 por
hora de voo que foi calculado com base em uma revisao
dos registros de acidentes do NTSB com fatalidades
iInvoluntarias no solo a partir de avides convencionais.
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Short Range

Tactical

High Altitude

Fonte: MIT, R. Weibel & R. John Hansman
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Peso do ANT x Regulamentos i
-

CIVIL AIRCRAFT REGULATIONS

cs 23 CsS 25
Single & Dual Single Multi Engines | Multi Engines

CS VLA

Light aircraft

1500 kg 20000 Kg 25000 kg

— r 3
2700 kg . T

[E000 Ibe)

--"'-\_\_\_\_\_\_----
--""-\-\_\_\____-
'\-\_\_\_\_‘

Single & Dual Single Multi Engines

CS- LUAV CS- UAV 23 CS-UAV 25

UAV REGULATIONS
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A_=kxE®” A_ = lethal area E =energy
Mxg = %x p,xClxSref xV?
Cl: lift coef
Sref: reference Wing surface
VZ:Jﬁfﬁﬂ
Sref

at a given ClI

|/\/!\/|

vi

Ec=Yox Mx—Lt— "
Sref

_ k,xMTOW?
Sref
MTOW? ) 2
Sref
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kCS 25 Aeroplanes

- *
2 <
CS-23 Twin & CS-29

KINETIC ENERGY

S-23 SE & CS-27

L

0,001 {o—g
i

[ay]
L [t
=
—

tn + |=

Iicrolight
0.0001 +—

0 1 2

9 10 1112 13 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
AIRCRAFT TYPE
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Perda de Controle
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AIRCRAFT TYPE
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Nivel de Seguranca
Pretendido
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Definicao do Nivel de bcass)
uranca Pretendido (TLS) p===3
* Analise da Seguranca Operacional (OSA)

— 1° Estagio - Definicao do ambiente operacional (OED)
Lista detalhada das fungdes
Hardware e software
Fatores humanos e ambientais que influenciam safety

Estagio — Safety Analysis (SSA)
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Development

¢ UAS Functions

* UAS
Architectures

e UAS
Requirements

UAS FHA

* Functions

e Hazards

e Effects

» Classifications

Preliminary

j Design

e Sys Functions

e Sys
Architectures

e Sys
Requirements

System FHA

s Functions

e Hazards

o Effects

e Classifications

Detailed

Design

¢ Detailed Functions
¢ Detailed
Architectures

¢ Detailed
Requirements

Design
Validation

&

Verification

* Tests
¢ Analyses

2° Estagio OSA

,
UAS FTAs

System FTAs

System FMEAS/FMES eQuantitative
eFailure Rates

eQualitative
eSystem Budgets

s|ntersystem eQualitative
Dependencies eSubsystem Budgets

System FTAS

Particular Risk Analysis
Common Mode Analysis CCAs
Zonal Safety Analysis
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1. Aviate

Top-level of the Functional

Jecomposition

2. Navigate

3. Communicate

4. Mitigate

1.1 Control flight
path

(1.2 Control ground
path

2.1 Convey
navigation state

]

( 2.1 Broadcast info to
ATC and other aircraft

.

[ 4.1 Avoid collisions ]

Ny

2.2 Determine
navigation intent

(1.3 Control air/ground
transition

1.4 Command and
control between control
station and UAS

(1.5 Control UAS
subsystems

2.3 Produce
navigation command

2.4 Determine
navigation command
status

( 3.2 Receive info from (
ATC and other aircraft

4 2 Avoid adverse
environmental conditions

( 4 3 Manage
contingencies

ocne)
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Fonte: NASA
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UAS Failure Conditions Severity

Catastrophic Hazardous No Effect

Large reduction Significant Slight

No effect on

Normally with

Effect on in functional reduction in reduction in operational
UAS uncontrolled capabilities or functional functional capabilities or
loss of aircraft : i S P
safety margins capabilities or capabilities or safety
safety margins safety margins
Physical distress : Fnysleel : Sler :
Effect on . discomfort or a increase in
L or excessive L No effect on
UAS Fatal injury or ) : significant workload or :
. L workload impairs : : flight crew
Fliaht incapacitation e increase in use of
J ISH111%7 19 [PER BT workload emergenc
Crew tasks gency
procedures
Potential for
Effects one or more § Physical distress, Potential for
External to fatalities possibly physical No effect No effect
UAS and/or severe | including injuries discomfort

injuries

Fonte: NASA
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raitic

Number

Function

Flight
Phase

Failure
Condition

Operational Consequence

Classification

Eemark

411.1a

Detect air
traffic

enroute

Total loss
of function

Possibility of conflict with
another aircraft. However,
assumption of being in Class
A airspace under IFR means
that ATC will provide
separation.

major

Detect air
traffic

enroute

Intruder is
"detected"
when none
1s there
(false
alarm)

Possibility of loss of control
and/or conflict with another
(real) aircraft. Could result in
unnecessary avoidance
maneuver that endangers
another aircraft.

major

Hazard
severity
assigned per
FAA practice
for manned
aircraft

Detect air
traffic

enroute

Intruder is
not
detected
when there
1s a real
threat.

Possibility of conflict with
another aircrafi. If both
aircraft are being tracked by
service provider and time
permits, ATC will attempt
to warn one or both aircraft
to avoid collision.

major

Hazard
severity
assigned per
FAA practice
for manned
aircraft
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Resumo FHAS
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Aviate
49

-

Control Flight Pathj 19

Control Ground

Path § °

Control AirfGroundE
Transitions

r H
.

Command & Control} 5

! Control UAS §
Subsystems i

Navigate

Communicate

15 16

Total

132
Failure Conditions

Mitigate
52

Avoid Collisions

s Avoid Adverse
= Environmental
= Conditions

Manage Contingencies

Fonte: NASA
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 FAA System Safety Handbook
AMJ 25.1309/FAA AC 23.1309

RTCA DO-160 — Environmental Conditions and
Test Procedures for Airborne Equipment

RTCA DO-178 Software Considerations In
Airborne Systems and Equipment Certification

SAE ARP 4761 - Guidelines and Methods for
Conducting the Safety Assessment Process on
Civil Airborne Systems and Equipment

SAE ARP 926 - Fault/Failure Analysis Procedure
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O ambiente operacional é fator determinante na abordagem
de safely assessment de ANT

— O risco da operagdo em areas congestionadas podera resultar no
desenvolvimento de regulamentos mais restritivos em termos de
confiabilidade (ex.: ETOPS)

e O peso do ANT & um fator diferenciador de requisitos de

certificacao
— O risco aumenta com o peso do ANT
— O risco ndo aumenta significativamente para ANTs “pequenos”
(abaixo de 150kg)
« Os projetos de ANT deverao considerar tecnologias para
limitar a energia de impacto (no solo ou em voo) e a
possibilidade de colisdoes em voo.
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“Eu aprendi que o
perigo e relativamente
pequeno, mas que a
Inexperiéncia pode
funcionar como uma
lupa.”

Charles Lindbergh

luiz.nolasco @ dcabr.org.br
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